Abstract. The homotopy push-out and pull-back lemma of Iwase (1998) is a generalized version of Theorem 1.1 of Ganea (1965) and the Theorem of Rutter (1971) whose proofs were given under the simply-connectivity condition. The purpose of this paper is to give a proof in the general case.
Introduction
In this paper, we work in the category of Hausdorff compactly generated spaces. Let (X, A) and (Y, B) be NDR-pairs with i : A→X and j : B→Y the inclusions; i.e., i : A→X and j : B→Y are closed cofibrations (see page 22 in [9] , for example). For given f : Z→X and g : Z→Y , we define some homotopy pull-backs: 
Using them, we have the homotopy push-out
where
Thus we see thatΦ induces a map Φ :
Second, to define a homotopy inverse of Φ, let us recall that (X, A) is a NDR-pair: there exist maps u : X→I and h : X×I→X which satisfy the following properties:
Similarly, the NDR-pair (Y, B) has maps u : Y →I, h : Y ×I→Y as above. Making use of them, we define mapsΨ : Ω (f,g),k →Ŵ and Ψ : Ω (f,g),k →W as follows: where l⊕h, l ⊕h are the composition of paths, i.e.,
Third, we show that Φ•Ψ 1 Ω (f,g),k . We have the following equation:
Then we define a map H :
As is easily checked, H gives a homotopy of Φ•Ψ and 1 Ω (f,g),k , the identity. Finally, we show that Ψ•Φ 1 W . We have the following equation:
Then we define a mapĤ :Ŵ ×I→W bŷ Let us recall that π×1 I :Ŵ ×I→W ×I gives also an identification map (see page 20 in [9] , for example). By definition, we have the following: , c g(z) ⊕h , (1 − 3s)(−u (g(z) )) − 3s), 0≤s≤ 
